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ABSTRACT OF THE DISCLOSURE

Corrective network inserted between a source of ampli-
tude-modulated carrier waves and a load, such as a servo-
system responsive to the modulating signal, for selective
control of attenuation and phase shifts over the range of
signal frequencies to maintain stability; the network com-
prises a resistive series arm and a shunt arm having two
capacitors alternately connectable in series with a com-
mon resistor, the switchover between these capacitors oc-
curring in the rhythm of the incoming carrier frequency
to produce an output oscillation of the same carrier fre-
quency amplitude-modulated by the original signal with
corrected frequency response.

———— T ————

This invention relates to transfer or corrective networks
of the type used in servo-systems in order to modify the
transmission characteristics of the direct and/or feedback
signal channels thereof in such a way as to ensure that
the system will remain stable over a desired broad fre-
quency band while still retaining adequate accuracy and
sensitivity.

A widely used type of corrective network, usnally in-
serted in the direct signal path of a servo-system, com-
prises a shunt circuit branch including capacitance and re-
sistance in series. Such a network is characterized by the
fact that its gain/frequency response curve presents a
sloping high-attenuation section within a frequency band
which is determined by the network constants. Within
the same frequency band, the phase/frequency response
of the network exhibits a negative “hump,” i.e., the net-
work introduces phase lag. The insertion of such a net-
work in the direct signal chain or forward path of a servo-
system will enable the system to satisfy the stability crite-
rion over the operating frequency range while increasing
the accuracy of the system.

Conventional corrective networks will accept variable
D-C signals, and if an amplitude-modulated alternating
signal is applied to the network the latter will tend to
treat the carrier-frequency component of the input signal
as though it were the signal to be corrected, and will
not have any useful action in regard to the amplitude-
modulating component, or envelope, of the input signal.
In servo-systems using amplitude modulation, which con-
stitute an important and advantageous class of servo-sys-
tem, this has introduced a serious difficulty. It has gen-
erally been necessary first to demodulate the amplitude-
modulated input signal, pass the demodulated (intelli-
gence, component through the D-C corrective network,
and then apply the thus-corrected intelligence component
to remodulate a carrier usually at the same frequency as
that of the initial input signal. The demodulator and mod-
ulator involved in this sequence of steps are relatively
complicated devices, since they must be so designed as to
preserve the phase, in addition to the amplitude, of the
input signal.

It is an object of the invention to provide improved
transfer networks, of the class including a parallel-con-
nected network branch having capacitance and resistance
in series therein (such as a so-called integral network),
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which shall accept amplitude-modulated signals and direct-
Iy process the modulating (intelligence) component there-
of in accordance with the prescribed transfer function of
the network. In other words, the improved networks are
to exhibit the specified corrective transfer function in re-
gard to the envelope of an amplitude-modulated signal
fed thereto, rather than in regard to the carrier compo-
nent of the signal. A more particular object is to provide
an “envelope-transfer” network of this class whose per-
formance will be strictly independent of the frequency of
the applied signal. A further object is to provide an en-
velope-transfer network that is simple, economical and
compact, utilizing standard circuit elements all or most of
which can be embodied in integrated circuit devices, there-
by greatly increasing the simplicity, economy and com-
pactness of amplitude-modulation servo-systems in which
the networks may be incorporated as compared to similar
systems utilizing conventional corrective networks involv-
ing the demodulating-remodulating sequence heretofore
required.

Exemplary embodiments of the invention will now be
described ‘with reference to the accompanying drawing,
wherein:

FIG. 1 shows a conventional transfer network of the so-
called integral type to which the invention relates;

FIGS. la and 1b respectively show the gain/frequency
and the phase/frequency response curves of the network
of FIG. 1;

FIG. 2 is a block diagram illustrating the sequence of
steps heretofore required to be performed when the con-
ventional network of FIG. 1 was used to process an ampli-
tude-modulated signal;

FIG. 3 is a similar diagram illustrating the use of an
envelope-transfer network according to the invention
under similar circumstances;

FIG. 4 is a diagrammatic or equivalent representation
of an envelope-transfer network according to the in-
vention;

FIG. 5 is a circuit diagram of a practical éembodiment
of the envelope-transfer network; FIGS. 5¢ -and 5b are
waveform diagrams which are of assistance in understand-
ing the operation of the network;

FIG. 6 is a graph explaining the charging process of a
capacitance in the network of the invention;

FIG. 7 shows the waveform of the carrier in the output
signal from a network according to FIG. 5;

FIG. 8 illustrates the network of the invention asso-
ciated with input and output decoupling and impedance-
matching stages;

FIG. 9 shows a circuit including the improved envelope-
transfer network and having a phase-lead overall charac-
teristic; and

FIG. 10 illustrates a modified envelope transfer net-
work according to the invention.

The conventional integral network shown in FIG. 1,
widely used as a corrective network in servo-systems, has
a pair of input terminals 1 and 2 and a pair of output
terminals 3 and 4, terminals 1 and 3 being shown ground-
ed. Input terminal 2 is connected to output terminal 4
through a series resistor 6, and output terminal 4 is con-
nected to the common ground through a parallel reactive
branch including a resistor 8 and a capacitor 10 in series.

When an input voltage signal e, in the form of a var-
iable D-C voltage, is applied across the input terminals 1
and 2, the network produces an output voltage signal e,
whose amplitude gain and phase-shift angle, with refer-
ence to the amplitude and phase of the input signal, both
vary with the frequency of the input signal. The varia-
tions of gain (g) and phase shift (¢) as a function of in-
put-signal frequency (f) are illustrated in FIGS. 1 and
1b, respectively. It will be seen that the gain asymptoti-
cally equals 1 for low frequencies (which is evident since
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capacitor 10 has infinite impedance to D.C), and equals
the value R/(R-+R’), where R and R’ are the respective
resistances of resistors 8 and ‘6, for high frequencies.
The transition from one asymptotic branch of the gain
curve to the other asymptotic branch is effected in the
high-slope attenuation region from frequency f; to fa,
which are respectively equal to 1/RC and 1/(R--R’)C.
As to the phase-shift angle ¢, this is seen to be zero for
low and high frequencies, with a negative hump in the
mid-region between the aforementioned frequency values
f; and f,, where the phase shift assumes a substantial nega-
tive value, i.e., the output signal lags with respect to the
input signal.

Corrective networks of the type shown in FIG. 1 are
widely used in servo-mechanisms. Such a network may,
for example, be inserted in the forward or direct signal
channel of the system to introduce an additional phase
lag into the error signal and thereby ensure that the sys-
tem will satisfy the stability criterion throughout the en-
tire frequency band of interest. The network may also be
introduced into the feedback signal path, in which case it
would result in an effective phase lead (positive phase
shift) of the output signal of the system.

The integral network of FIG. 1 is known to have the
following transfer function:
1+RCp
14+(R+R')Cp (1)
where p stands for the imaginary variable p=wj or a

F(p)=K

2xfj, f being the input frequency and j the imaginary unit ¢

vector. As is well known, the transfer function F(p) rep-
resents a complex quantity whose modulus is the gain
G(p) and whose argument is the phase shift ¢(p). It is
thus apparent that the transfer function F(p) provides in
itself a complete description of the frequency response of
the network, yielding a full knowledge of both the gain
and phase shift characteristics of FIGS. 1g and 15.
The transfer function (1) can be rewritten in the form

1 + T 1P
14 7P (2)
where 7; and 7, represent the low-frequency and high-
frequency time constants, RC and (R-}R’)C, respectively.
If it is desired to use the network of FIG. 1 in a
system wherein the intelligence signal is conveyed in the
form of amplitude modulation on a carrier frequency, it
is not possible to apply the input signal directly to the
network, since the network would operate to modify the
gain and phase responses of the carrier, not the gain and
phase responses of the envelope that constitutes the useful
intelligence. In such cases, therefore, it has heretofore
generally been necessary to use the scheme depicted in
FIG. 2. The amplitude-modulated input signal e; is there
shown applied to a2 demodulator, The demodulated intel-

F(p)=K

ligence component is then applied to the corrective net- ;

work of FIG. 1, and the output signal from the network
is applied to the modulating input of a modulator re-
ceiving at its “moduland” input the same frequency f
as that of the input carrier, in order to reconstruct an
output signal ¢, which is similar to the input signal except
that the modulating component (or envelope) thereof
has its gain/and phase/frequency responses modified in
accordance with the response curves of FIGS. 1a and 10,
as required for system stability.

The invention, in contrast, provides an “envelope trans-
fer” network that is adapted to handle directly the
amplitude-modulating component of a modulated input
signal, in order to modify the gain and phase character-
istics of said modulating component in accordance with
response curves similar to those shown in FIGS. la
and 1b. This is illustrated in FIG. 3, where the amplitude-
modulated input signal e; is shown fed direct to an
envelope-corrective network according to the invention
(later described), and the output signal from the network
appears as an amplitude-modulated signal of the same
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frequency as the input carrier freqquency but having a
modulation component, or envelope, with gain/and phase/
frequency responses modified as described above, for
stability of the system.

The basic principle of the invention as applied to a
transfer network of this general type, ie., one having a
transfer function of a form similar to that of the con-
ventional network of FIG. 1, is illutarated in FIG. 4. It
will be seen that the improved network differs from that
in FIG. 1 in that it includes two capacitors 10A and 10B
in place of the single capacitor 10, and that means are
provided, herein symbolically presented by a switch 12,
for cutting the two capacitors in and out of circuit alter-
nately. Synchronizing means are further provided, sche-
matically indicated as a box 14, for actuating the switch-
ing means 12 in synchronism with the carrier frequency
f of the input signal, so that each of the two capacitors
is enabled during a respective one of the two alternating
series of unidirectional pulses of the input carrier fre-
quency. For example, capacitor 10A may be in circuit
during all the positive half-cycles of the input carrier
frequency and capacitor 10B in circuit during all of the
negative half-cycles.

The remarkable fact has been established, and a mathe-
matical demonstration thereof will be given later, that
with the basically simple circuit arrangement shown in
FIG. 4 an amplitude-modulated signal ¢; applied to the
input terminals 1-2 will be converted by the network into
an output signal e, which: (I) has the same carrier fre-
quency as the input signal and (11) has an envelope whose
gain/ and phase/frequency responses are modified with
respect to the gain/ and phase/frequency responses of
the envelope of the input signal in accordance with a
transfer function that is of the same general form as the
transfer function of the static network of FIG. 1, indi-
cated by Equation 2 above.

It may already be noted at this point, however, that
while the envelope-transfer function of the network of
FIG. 4 is of the same form as the transfer function of
the conventional network of FIG. 1, the constant coeffi-
cients entering into the function are wholly different.

Before giving mathematical proof of the above state-
ments, a practical embodiment of the network of FIG. 4
will be described with reference to FIG. 5.

The network of FIG. 5 has the input terminals 1-2
and the output terminals 3-4, terminals 1 and 3 being
grounded. Input terminal 2 is connected to output termi-
nal 4 through the series resistors 6 (as in FIGS. 1 and
4). Connected to output terminal 4 are two similar paral-
lel circuit branches generally designated A and B, having
their other ends connected to the common-return or
grounded terminal 1-3. Each circuit branch A and B is
composed in turn of two similar parallel lines. Thus
circuit branch A includes two diodes 121A and 122A,
connected in reversely poled relation with terminal 4,
and two resistors 81A and 82A having respective ends
connected to the free poles of the diodes and other ends
connected to respective ends of a winding 142A. Circuit
branch B is similarly arranged and its parts as designated
with the same numerals followed by letter B.

Windings 142A and 142B constitute the series-con-
nected parts of the secondary winding of a transformer
generally designated 140. The primary winding of this
transformer comprises two series-connected winding sec-
tions 141A and 141B inductively coupled to the second-
aries 142A and 142B respectively. The free terminals
14A and 14B of the transformer primary winding are
connected to an A-C voltage source delivering a refer-
ence voltage eg which is synchronous with the carrier
frequency f of the input signal ey, being an oscillation of
the same frequency and of either the same or the opposite
phase as said carrier frequency. The reference voltage ep
has an amplitude greater than the maximum amplitude of
the input signal.
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In the operation of the circuit, it may be assumed that
during those semicycles of the input carrier frequency
when input terminal 2 is positive relative to grounded
terminal 1 as indicated by the plus sign, reference termi-
nal 14A is positive and 14B is negative, as indicated by
the plus and minus signs, The ends of the primary wind-
ing sections 141A and 141B then have the relative polari-
ties indicated by the plus and minus signs, and the
secondary winding sections 142A and 142B assume cor-
responding polarities. During the half-cycles considered,
therefore, it will be seen that diodes 121A and 122A per-
mit signal-current flow around circuit branch A whereas
diodes 121B and 122B prevent signal-current flow around
circuit branch B. Hence, during the carrier half-cycles re-
ferred to, the input signal voltage e, is permitted to flow
through the parallel resistors 81A-82A and through ca-
pacitor 10A in series therewith to ground. Similarly, during
the remaining carrier half-cycles when input terminal 2 is
negative and the reference-source terminals 14A and 14B
are respectively negative and positive, the input signal
voltage is allowed to flow only around the B circuit,
through the parallel resistors 81B-82B and capacitor 10B
in series therewith to ground. The operation is clarified
by the waveform diagrams shown in FIGS. 5A and 5B,
believed to be self-explanatory.

It will therefore be apparent that the circuit shown in
FIG. 5 is equivalent in its operation to the basic equiva-
lent circuit described with reference to FIG. 4, with the
diodes 121A through 122B performing the function of
switch 12, and the transformer 140 connected to the ref-
erence voltage source serving as the synchronizing device
called 14 in the basic diagram.

It will also be noted that in the practical circuit of
FIG. 5 each pair of parallel resistors such as §1A-82A
corresponds in effective value to the single resistor 8 in
FIG. 4, and each of the four resistors in FIG. 5 should
therefore be regarded as having a resistance of 2R if R
is the resistance of resistor 8 in FIG. 4.

It will now be demonstrated that the dynamic transfer
network of the invention as described above operates in
the manner earlier stated to modify the envelope of the
amplitude-modulated input signal in accordance with
the prescribed transfer function. )

As a preliminary step, we shall examine in detail the
charging cycle of each of the capacitors 10A and 10B.
In FIG. 6, curve I is the usual logarithmic charge curve
of a capacitor having a voltage of magnitude E continu-
ously applied across it, as would be the case for the
single capacitor 10 in FIG. 1, The full charge E is attained
asymptotically in such a way that two thirds of the peak
value, 2E/3, are attained in the time ¢=(R+R’)C, the
time constant of the network of FIG. 1. Considering now
either of the two capacitors 10A or 10B in a network ac-
cording to the invention, it will be understood that an
incremental charge is added to the capacitor during every
other half-cycle of the input voltage and that during the
other, alternate half cycles the charge is retained substan-
tially constant since the capacitor is isolated; during these
latter half-cycles, the other capacitor is taking on an in-
cremental charge of reverse polarity. It is easily estab-
lished analytically that under these conditions, and as-
suming first for simplicity that the input voltage is square-
wave rather than sinusoidal, the charge will follow a
stepped curve as indicated at (II), wherein the peak value
is the same as before, but the rise is twice as slow as in
curve (I), so that the value 2E/3 is attained only in the
time 26. When the input voltage is sinusoidal rather that
square-wave, it is found that the final charge asymptotic-
ally attained is reduced from the previous value E to
2E/w, with the two-thirds of this peak value, 4E/3, be-
ing again attained in the time 26.

In a network according to the invention, therefore, as-
suming sinusoidal input frequency as is usually the case,
the applicable charge curve is curve (IH). It should be
noted that in FIG. 6 the time constant ¢ has for clarity
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been shown only a few times greater than the cycle period
T of the input frequency. Actually it would be many
times greater. The small surge voltages present at the
start of each step, following a charge increment, are ac-
tually negligibly low.

The two important results of the above discussion are,
first, that under steady-state conditions, i.e., when the
amplitude of the sinusoidal input signal is unchanging,
each capacitor of the network carries a voltage that is
2/w times the amplitude of the input signal; and, sec-
ond, that with either of the capacitors in circuit, the net-
work has an “apparent” time constant of 26, This latter
statement means that any disturbance or variation in the
modulating component or envelope of the input signal
will appear across the capacitor with a time lag of

20=2(R-+R")C

The above two results will now be applied in order to
establish, first, the waveform of the carrier component in
the output signal ¢, of the network of FIG. 4 or 5 and,
second, the transfer function of the network with respect
to the modulating component or envelope of the input
signal. -

The following relation is immediately apparent from an
inspection of either FIG. 1 or FIG. 4 upon considering
that the voltage rises cancel the voltage drops over the
network:

R R’
ORI R STRIR Y (3)
where V is the voltage across the capacitor in circuit.

The above equation holds both for the instantaneous
value of the carrier component of the signals and, with.
certain reservations later indicated, for the integrated en-
velope or modulating component.

Applying the equation to the instantaneous carrier
values, e; represents the sinusoidal input carrier compon-
ent, hence e;=F; sin wt; and V represents the capacitor
charge in the steady state, that is +2F;/x as explained
with reference to curve III of FIG. 6. The output signal
€n, which in this case represents the output carrier com-
ponent, is therefore

(2Z
7)

RI
R+R €

60=R——fR, E; sin wi--

&)

el22

w

has the value 4-2E/x for 0<wi<T/2 and the value
—2E/w for T/2<wi<T.

The resulting waveform for the output-signal carrier is
shown in FIG. 7 as composed, in each half-cycle of the
input-carrier frequency, of a rectangular “pedestal” rep-
resenting the steady-state capacitor voltage, surmounted
by a semi-sinusoid produced by the input carrier. The
crest value of the composite signal is immediately deriv-
able from the Equation 4 as being

R 2 R’

EO_(R-I—R’-I—WR—ﬂ-R’.) B (5)
as indicated in the figure. This composite output carrier
has a fundamental component which is the sinusojd shown
in dashed lines. The actual output carrier approximates
this fundamental sinewave very closely, especially since
the switching action is not instantaneous, so that the sides
of the “pedestal” voltage, here shown vertical, actually
converge towards the apices. Further, in most real servo-
mechanisms the harmonics would be eliminated, as in the
90°-phaseshift capacitor of a two-phase induction servo.
It is justifiable, therefore, to assimilate the carrier wave-
form of the output signal with a sinewave of a frequency

equal to that of the input carrier.
The above has demonstrated statement (I) concerning
the carrier component of the output signal from the net-
work of the invention. There now remains to verify state-

(4)

where the function
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ment (II) concerning the transfer function of the net-
work in respect to the modulating component or envelope
of the input signal,

Calling A;(#) and A,(¢) the modulating components,
or instantaneous envelope voltages, of the input and out-
put signals, Equation 3 can be rewritten

Rl

Ao (8) = A+ V()

(6)
Expression 6 can be rewritten as follows by Laplace trans-
formation:

R R 2 1
Ao(p)=[R+RI+R+R'1_r1+pT2:| Ai(p)

where A,(p) and A;(p) are the Laplace transforms of the
output and input voltages A,(¢) and A;(¢), and

79=2(R-4-R")C
The transfer function is given by:

Ao(p) .
Ai(p) =Fp)

_Ao(p) R R 2 1
“ai(p) R+R TRIR 7itpn

Expression 8 can be rewritten as follows:

(7

F(»)

(8)

1+ Rp27'2
R4+=R’
Y
14+p7
And finally remembering that: r=2(R+R")C
2R(R+R")C
9 1t ( Jg o
R—l—;R' R—I—; R’
P =f5R 172(B+R)Cp (10)

It can be seen that expression (10) is of the same
form as Expression (2) earlier given, the coefficients being
identified as follows between the two formulas:

R+%R’
F(p)= R+ R

(9)

R+2 R
=ETR
,=2R(B+R)C

2 !
R+-R (11)

=2(R+R")C

1t is thus vertified that the dynamic transfer network
of the invention will operate on the .variable envelope
of an amplitude-modulated input signal to modify the
gain/ and phase/frequency response of said input envelope
voltage in accordance with the prescribed transfer func-
tion, i.e., with response curves similar in shape to those
shown in FIGS. la and 1b.

It will be noted from Equations 11 that the coefficients
of the transfer function, except the second time constant 4,
differ from the corresponding coefficients of the transfer
function of the conventional, static, transfer network as
shown by Equations 1 and 2. The important point is that
all said coeffiicents depend only on the circuit constants
R, R’ and C, and are independent of the carrier frequency
f, thereby demonstrating the chief advantage of the inven-
tion. It may also be noted from Equations 11 that the net-
work “efficiency,” defined as the ratio of time constants
71/79, is R/(R+2R’/x), and hence is a function only of
the resistance ratio R’/R and can be selected arbitrarily
and independently of the time constant 7.

When coupling a corrective network according to the
invention in a signal chain, such as the direct or the feed-
back channel of a servo-mechanism, the network may ad-
vantageously be interposed between two decoupling stages
for impedance-matching purposes. A low output-imped-
ance stage is connected ahead of the corrective network
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and a high input-impedance stage is connected beyond it.
FIG. 8 illustrates such an arrangement, where a corrective
network according to the invention, generally designated
20, is shown connected between an input and an output de-
coupling stage each comprising a transistor connected in a
common-collector, emitter-follower circuit. The input stage
comprises a transistor 22 having an input signal applied
from its base, with its collector biased to positive battery
and its emitter grounded through a load resistor 24 whose
value is selected considerably lower than that of the input
resistor 6 of corrector network 2¢. Similarly, the output-
matching stage comprises a transistor 26 receiving the cor-
rected signal voltage from network 20 applied to its base,
the collector being biased from positive battery and its
emiter being grounded through a load resistor 28 from
which a low-impedance output signal is derived.

It will be observed that, in a circuit of the type shown
in FIG. 8, both capacitors 10A and 10B of the corrective
network operate under unidirectional potentials as deter-
mined by the potential applied to the network output ter-
minal 4 through transistors 22 and 26 from the (here posi-
tive) biasing source. The reason is that each capacitor can
only charge up to a voltage not exceeding 2/# times the
maximum amplitude of of the input alternating voltage
applied to terminal 2, as earlier explained; if the transistor
bias is selected so as to apply to output terminal 4 a D-C
potential as great as said maximum input A-C amplitnde,
it is seen that capacitors 16A and 10B can at no time be-
come negative with respect to ground. This affords the ad-
vantageous possibility of using polarized chemical capac-
itors as the capacitors 10A and 16B in the corrective net-
work.

Intrinsically the corrective circuit described above is a
phase-lag circuit. This is manifest from an inspection of
the coefficients of its transfer function (see Equation 10),
since it is known that the phase shift through a network
is positive (lead) or negative (lag) according to whether
the ratio 7,/ of the time-constant coefficients in its trans-
fer function is greater or less than unity. The ratio, in this
case, is R/(R+2R’/w) or 1/(1+4-2R’/Rx), which clearly
is always less than one. However, the network can readily
be connected in such a manner that it will, in effect, op-
erate as a phase-lead corrective network should this be
desired. A suitable circuit arrangement for this purpose
is illustrated in FIG. 9.

The corrective network 20 has its input terminal 2 con-
nected to the emitter of a transistor 32 receiving the input
signal on its base. The emitter is connected through a load
resistor 34 to a positive biassing potential, while the col-
lector is grounded through a resistor 36 of equal value to
resistor 34. The output signal is derived from a voltage
divider comprising two resistors 38 and 40 connected be-
tween the collector of transistor 32 and the output terminal
4 of the corrective network. It is readily shown that, with
this arrangement, the apparent or overall transfer function
of the circuit is represented by a constant quantity minus
the transfer function of network 20. Thus, the overall
phase shift introduced by such a circuit will equal the con-
stant, or zero, phaseshift thruogh transistor 32 minus the
frequency-responsive phaseshift through network 20. Since
this latter phaseshift is negative, the overall phaseshift is
positive, i.e., a phase-lead network is in effect obtained.

It is understood that corrective networks according to
the invention may be inserted both in the forward, or di-
rect, and in the feedback signal paths of a servo-mech-
anism. When inserted in the forward chain, the basic net-
work of the invention (as shown, e.g., in FIG. 1 or 4) acts
as a phase-lag network, and when inserted in the feedback
signal path it performs as a phase-lead network. By the
same token, a network of the type shown in FIG. 9 will

erform as a phase-lead network when inserted in the
forward chain, and as a phase-lag network when inserted
in the feedback chain of a servo-mechanism.

FIG. 10 illustrates by way of further example an em-
bodiment of an envelope-transfer network according to
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the invention wherein digital circuitry is used for perform-
ing the switching action between the two resistance-capac-
itance branches. In this embodiment the network again in-
cludes the series resistor 6 connected between input ter-
minal 2 and further output terminal 4, and includes two
parallel branches connected to terminal 4 and compris-
ing each a resistance 8A or 8B and a capacitor 10A or 10B
respectively connected in series therewith. The free sides
of the capacitors are connected to first inputs of respective
coincidence circuits 125A. and 125B having their outputs
connected to common ground terminal 1-3. The gates
125A and 125B have enabling inputs connected to respec-
tive outputs of a suitable bistable circuit 144, such as a
flipflop or trigger. The bistable circuit 144 has its inputs
fed with pulses derived from a reference source (not
shown) at the same frequency as the carrier wave of the
input signal. It will be evident that the network of FIG.
10 will operate in a manner similar to that of FIG. 5 and
will exhibit the desired transfer characteristics in regard to
the envelope or ampiltude-modulation component of an
input signal applied to terminals 1-2, as earlier explained.
The gates 125A and 125B, here shown in conventional
logic form, may be of any desired construction, using di-
odes, transistors, tunnel diodes, or the like. Various other
forms of switching means may be used. In cases where low
carrier frequencies, of the order of a hundred or a few
hundred cycles per second, are used, electromechanical
switching means such as vibrators may well be applied.

Envelope-correcting networks according to the inven-
tion will be of great value in servo-mechanisms of the
amplitude-modulation type in that their use will impart
the requisite stability characteristics to the servo-system
in a more efficient and a far more expedient manner than
was heretofore possible. The networks are simple and eco-
nomical to make, require no adjustments, are compact
and can easily be made by printed- and integrated-circuit
techniques. The reference-signal coupling transformer such
as element 140 (FIG. 5), where used, can be of low-power
and small-size type with a power rating of only one watt
for all reasonable input signal values, and will not require
any special shielding and insulating measures because
of the low effective impedance of the parallel circuit
branches of the network. Such transformer, if used, can
conveniently be located at a point remote from the servo-
mechanism so that the network will not appreciably in-
crease the effective space requirements,

The networks of the invention are capable of imparting
the desired transfer characteristic (Equation 2) direct to
the amplitude-modulating component of the signal in a
manner that is entirely independent of the carrier fre-
quency (and phase and amplitude), a result unattained,
to the best of my knowledge, by any conventional means.
The constants K, r; and r, of the network, which define
inter alia the frequency range of the stabilizing action im-
parted to the servo-mechanism, can be separately ad-
justed to their desired values. The time constant ratio,
which defines the network efficiency, can also be inde-
pendently selected. The network has no operating thresh-
old, no static error, and is completely undisturbed by
temperature variations.

What is claimed is:

1. A transfer network for the frequency-selective cor-
rection of transmission characteristics of a band of signal
frequencies modulating the amplitude of a carrier wave,
comprising:

an input circuit connectable to a source of carrier

oscillation amplitude-modulated by a signal variable
over a predetermined frequency range;

an output circuit connectable to a load to be controlled

by said signal;

a series impedance arm connected between said input

and output circuits;

a shunt arm connected between a point of said input

circuit and a point of said series impedance arm,
said shunt arm including resistance means, first and
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second reactance means and switch means for al-
ternately connecting said first and second reactance
means between said points in series with said resist-
ance means; and

control means for operating said switch means in the
rhythm of said carrier oscillation, thereby connect-
ing said first and second reactance means in circnit
during positive and negative half-cycles, respectively,
of said oscillation, said input circuit comprising an
amplifier with a pair of balanced output terminals,
said output circuit including a voltage divider con-
nected across said output terminals, said series im-
pedance arm being inserted in the connection between
said voltage divider and one of said output terminals.

2. A network as defined in claim 1 wherein said ampli-
fier is a transistor having an emitter, a base and a col-
lector, said base being connected to said source of carrier
oscillation, said output terminals being respectively con-
nected to said emitter and said collector.

3. A network as defined in claim 2 wherein said series
impedance arm is inserted between said voltage divider
and said emitter.

4. A transfer network for the frequency-selective cor-
rection of transmission characteristics of a band of signal
frequencies modulating the amplitude of a carrier wave,
comprising:

an input circuit connectable to a source of carrier os-
cillation amplitude-modulated by a signal variable
over a predetermined frequency range;

an output circuit connectable to a load to be controlled
by said signal;

a series impedance arm including a resistor connected
between said input and output circuits;

a shunt arm connected between a point of said input
circuit and a terminal of said resistor remote from
said input circuit, said shunt arm including resistance
means, first and second capacitors and switch means
for alternately connecting said first and second capa-
citors between said points in series with said resist-
ance means, said switch means including first and
second diode means in series with said first and sec-
ond capacitors, respectively; and

control means for operating said switch means in the
rhythm of said carrier oscillation, thereby connecting
said first and second capacitors in circuit during posi-
tive and negative half-cycles, respectively, of said
oscillation, said control means including a trans-
former having a primary winding connected to a
source of carrier frequency and having a pair of
secondary windings respectively connected in series
with said first and second diode means, said resist-
ance means comprising a first pair of resistive
branches connected across one of said secondary
windings and a second pair of resistive branches
connected across the other of said secondary wind-
ings, said first and second diode means each includ-
ing two half-wave rectifiers connected with opposite
polarities in the branches of a respective pair, said
capacitors being respectively connected to the mid-
points of said secondary windings.

5. A transfer network for the frequency-selective cor-
rection of transmission characteristics of 2 band of signal
frequencies modulating the amplitude of a carrier wave,
comprising:

an input circuit connectable to a source of carrier
oscillation amplitude-modulated by a signal variable
over a predetermined frequency range;

an output circuit connectable to a load to be controlled
by said signal;

a series impedance arm including a resistor connected
between said input and output circuits;

a shunt arm connected between a point of said input
circuit and a terminal of said resistor remote from
said input circuit, said shunt arm including resistance
means, first and second capacitors and switch means



3,532,997

11 : 12
for alternately connecting said first and second capac- said capacitors being respectively connected to the
itors between said points in series with said resist- midpoints of said secondary windings.
ance means, said switch means including first and .
second diode means in series with said first and sec- References Cited
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being respectively inserted in said resistive circuits,



